Scuticociliatosis is defined as invasive external or systemic infection by protozoan ciliates belonging to the genera Uronema, Miamiensis and Philasterides, and is recognized as a fatal disease in marine fishes (Thompson & Moewus 1964 , Cheung et al. 1980 , Yoshinaga & Nakazoe 1993 , Dyková & Figueras 1994 , Dragesco et al. 1995 , Gill & Callinan 1997 , Munday et al. 1997 , Sterud et al. 2000 , Iglesias et al. 2001 . Recent outbreaks of scuticociliatosis caused by U. marinum have resulted in severe mortality in the cultured olive flounder Paralichthys olivaceus in Korea (Jee et al. 2001) .
In the pathogenesis of parasitic diseases, proteases have been shown to play important roles in host-tissue invasion, digestion of host proteins, and protection against immunological attacks by the host (McKerrow 1989) . As Uronema marinum has high potential for systemically invading and destroying fish tissues (Cheung et al. 1980 , Sterud et al. 2000 , Jee et al. 2001 , proteases excreted by the parasite may play a major role in the invasion of host tissues.
Although there have been many studies on proteases from several parasitic protozoan species (Mc Kerrow et al. 1993) , little information is available on the proteolytic activities of parasitic scuticociliates. In the present study, the proteolytic activity of live Uronema marinum was analyzed by the fluorescence polarization technique.
Materials and methods. Culture, assays and analysis were carried out as follows:
Isolation and culture of Uronema marinum: U. marinum was isolated from the brain of infected olive flounder Paralichthys olivaceus and cultured in Eagle's minimum essential medium (MEM; Sigma Chemical) containing 10% fetal bovine serum (FBS; Sigma), 200 U ml -1 penicillin G (Sigma), and 200 U ml -1 streptomycin (Sigma) at 20°C. Parasites harvested from the cultures were washed 3 times in phosphate-buffered saline (PBS) containing penicillin G and streptomycin by centrifugation at 1000 × g for 5 min at 4°C.
Protease assay: Instruments are now available to measure protease activity by fluorescence polarization (FP; Schade et al. 1996) , a kinetic assay that measures in real time the hydrolysis in solution of a protein substrate previously conjugated with a fluorescent ligand. FP is based on the principle that a fluorescently labeled compound excited by plane-polarized light will emit polarized fluorescent light on the same plane if there is minimal molecular movement between the excitation and emission times. The smaller the molecular mass of the labeled molecule, the greater the movement will be, and the lower the emitted fluorescence polarization. Cleavage of large fluorescently labeled substrate ABSTRACT: The proteolytic activity of live Uronema marinum was analyzed by a fluorescence polarization (FP) technique. Protease activity was measured as a decrease in the FP value using fluorescein isothiocynate (FITC)-casein as a protein substrate. A time-dependent decrease in FP occurred in plate wells containing live U. marinum. Supplementation with the cysteine protease inhibitor E-64 had no significant inhibitory effect on the decrease in FP at any of the concentrations used. In contrast, supplementation with 1,10-phenanthroline resulted in complete inhibition of proteolysis for 30 min at 1 mM and for 1 h at 2 and 5 mM. Effective inhibition of the proteolytic activity of live U. marinum by 1,10-phenanthroline indicated that metalloproteases are the main proteases excreted by U. marinum. As U. marinum has a high potential for systemically invading and destroying fish tissues, the metalloproteases excreted by live U. marinum are likely to be involved in the invasion of host tissues and the pathogenicity of the parasite.
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Resale or republication not permitted without written consent of the publisher molecules by addition of a protease results in a protease concentration-dependent decrease in FP as the more mobile protease digestion products are released and rapidly rotate to emit fluorescence from the excitation plane of polarization. Therefore, the measure of the decrease in fluorescence polarization is the measure of proteolytic activity.
Proteolytic activity of Uronema marinum was determined by incubating 5 × 10 4 cells of the parasite in 190 µl PBS (pH 7.0) with 10 µl of 10 µg ml (1), where I vv is the fluorescence intensity when both the excitation and emission polarizers are parallel, and I vh is the fluorescence intensity when the excitation and emission polarizers are perpendicular:
The instrument factor, G, was set such that 1 nM of FITC solution yielded a polarization value of 20 mP.
Effects of protease inhibitors: Using FITC-casein as a substrate, the effects of protease inhibitor cocktail (Sigma), trans-epoxysuccinyl-L-leucylamido-(4-guanidino) butane (E-64, Sigma), and 1,10-phenanthroline (Sigma) on the proteolytic activity of live Uronema marinum were examined. The protease inhibitor cocktail contained 4-(2 aminoethyl)benzenesulfonyl fluoride, E-64, bestatin, leupeptin, aprotinin, and sodium EDTA. Each inhibitor was diluted with PBS (pH 7.0), and the final concentrations of each inhibitor in 200 µl of a total reaction volume were 1 ⁄ 2 , 1 ⁄ 4 , 1 ⁄ 8 , and 1 ⁄ 16 dilutions of the protease inhibitor cocktail, 50, 100 and 200 µM of E-64, and 1, 2 and 5 mM of 1,10-phenanthroline. The other experimental conditions were similar to those described in the protease assay. Wells with FITC-casein and each concentration of each inhibitor without the parasite were used as controls, and wells containing only 200 µl PBS were designated blanks. The level of inhibition was expressed as a percentage of the FP value relative to each control FP value. All assays were done in triplicate.
Statistical analysis: A Student's t-test was used to determine the statistical difference between each concentration of inhibitors and each relative control. Results were considered significant if p < 0.05.
Results. A time-dependent decrease in FP occurred in the plate wells containing live Uronema marinum (Fig. 1) . In contrast, control wells containing only FITCcasein showed no decrease in FP. The effect of the protease inhibitor cocktail on the FP assay is shown in Fig. 2 . The wells supplemented with 1 ⁄ 16 , 1 ⁄ 8 and 1 ⁄ 4 dilutions of the protease inhibitor cocktail showed a significant decrease in FP after 10 min incubation. However, the wells supplemented with 1 ⁄ 2 dilution of the cocktail showed no significant decrease in FP until after 30 min incubation. Supplementation with E-64, a cysteine protease inhibitor, had no significant inhibitory effect 86 Fig. 1 . Uronema marinum. Protease activity (millipolorization units, means ± SD) of live parasites (Scu) measured by fluorescence polarization. Proteolytic activity was detected using FITC-casein as a substrate at pH 7. # #Significantly (p < 0.05) lower than control (Con) Fig. 2 . Uronema marinum. Inhibition of (means ± SD) protease activity of live parasites by various dilutions of protease inhibitor cocktail. Protease activity was measured by fluorescence polarization, and was detected using FITC-casein as a substrate at pH 7. # #Significantly (p < 0.05) lower than relative controls on the decrease in FP at any of the inhibitor concentrations used (Fig. 3) . In contrast, supplementation with 1,10-phenanthroline, a metalloprotease inhibitor, resulted in complete inhibition of proteolysis for 30 min at 1 mM and for 1 h at 2 and 5 mM (Fig. 4) .
Discussion. In the present study, proteolytic activity of live Uronema marinum was demonstrated by FP. The gradual drop in FP values with increasing incubation time indicates that the FITC-casein was cleaved by increasing concentrations of proteases excreted by the parasites. Although Schade et al. (1996) used the FP assay to measure proteolytic activity of whole bacteria (Porphyromonas gingivalis), as far as we know there are no previous reports on the measurement of proteolytic activity of live protozoans using the FP assay. In comparison to other assays of protease activity, including radioactive counting, spectrophotometric or spectrofluorometric analysis and gel electrophoresis, the FP assay has the advantage of providing measurements of substrate hydrolysis by live parasites in real time. Because measurements are taken in real time, the progress of the reaction is followed both kinetically and at single points in time. Additionally, the FP assay is homogeneous and, as such, does not require separation, precipitation, or transfer of the reaction mixture (Bolger & Checovich 1994) .
Cysteine proteases in parasitic protozoans have been assumed to have metabolic and physiological roles (North 1992) . In Trypanosoma cruzi, the function of cystein protease is to degrade intracellular protein and remodel the parasite during transformation between stages (Harth et al. 1993) . Cysteine proteases are critical to host invasion for a number of human protozoan parasites including T. cruzi (Franke de Cazzulo et al. 1994) , Plasmodium falciparum (Mayer et al. 1991) , Cryptosporidium parvum (Forney et al. 1996) , and Entamoeba histolytica (Que & Reed 2000) . In the present study, no significant inhibition of proteolytic activity of the parasite by E-64 at concentrations of up to 200 µM at physiological pH occurred, indicating that cysteine proteases may not be involved in this parasite's invasion of fish tissues.
In the present study, effective inhibition of the proteolytic activity of live Uronema marinum by the metalloprotease inhibitor 1,10-phenanthroline indicated that metalloproteases are the main proteases excreted by U. marinum. As U. marinum has a high potential for systemically invading and destroying fish tissues, the metalloproteases excreted by the parasite could be involved in the invasion of host tissues and the pathogenicity of the parasite. Metalloproteases in some parasitic protozoans contribute to invasion and degradation of host tissues and thus play an important role in the progress of the disease . The functions of metalloproteases in pathogenesis have been well documented for Cryptobia salmositica, a haemoflagellate parasite of fishes (Zuo & Woo 1997a ,b, 1998a ,b, 2000 . Further research into the biochemical nature and the functions of the metalloproteases secreted by U. marinum may provide us with a better understanding of the disease process in scuticociliatosis. Fig. 3 . Uronema marinum. Inhibition (means ± SD) of protease activity by cysteine protease inhibitor E-64. Protease activity was measured by fluorescence polarization, and was detected using FITC-casein as a substrate at pH 7. # #: Significantly (p < 0.05) lower than relative controls Fig. 4 . Uronema marinum. Inhibition of protease activity by metalloprotease inhibitor 1,10-phenanthroline. Protease activity was measured by fluorescence polarization, and was detected using FITC-casein as a substrate at pH 7. # #: Significantly (p < 0.05) lower than relative controls for 1, 2 and 5 mM concentrations
